Sensorless Force Estimation of SCARA Robot System with Friction Compensation  by Prajumkhaiy, Navalerk & Mitsantisuk, Chowarit
 Procedia Computer Science  86 ( 2016 )  120 – 123 
1877-0509 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of iEECON2016
doi: 10.1016/j.procs.2016.05.030 
ScienceDirect
Available online at www.sciencedirect.com
The 2016 International Electrical Engineering Congress 
Sensorless Force estimation of SCARA robot system with 
Friction Compensation 
Navalerk Prajumkhaiy1, a, Chowarit Mitsantisuk2,b 
1,2Department of Electrical Engineering Faculty of Engineering, Kasetsart University Bangkok, Thailand 
ag5614502564@ku.ac.th, bfengcrm@ku.ac.th 
Abstract 
In this paper, the friction compensation method of SCARA robot is proposed. During the operation, the 
friction force in the system causes the heat to the robot and system. Since heat which occurred in the system is 
accumulated for a long time, the robot and system have been damaged. Moreover, performance and stability of 
the system have been reduced. Therefore, compensation of friction force is an important method for increase 
performance and stability of the system. In this paper, the disturbance observer is used with mathematic 
modelling of friction compensation for compensate the friction force in the system. From the simulation results, 
the system which has a friction force compensation can show the increasing of performance and stability. 
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1. Introduction 
Recently, industrial robots are widely used in many applications especially in industrial work. They are 
used to help the human operator during the operation for improve the performance, accuracy including robustness 
of the robot control system in medical, transportation, industrial scenes and so on. Moreover, they can use instead 
of human in the dangerous situation such as a place which has radioactivity. Therefore, robot is used to support 
the human operator for improve the accuracy and precision of the operation [1, 2].  
For design the control system, force response is a key for using to design the controller of the robot. 
Recently, force sensor is widely used in industrial application for measure the external force. However, force 
sensor has a limitation which reduce the robustness and performance of the system such as force sensor gives a 
low bandwidth of measuring and a measured force signal comes with high noise. Therefore, Disturbance 
Observer (DOB) is used instead of force sensor for estimate the external force. Moreover, it can improve the 
accuracy of force estimation and robustness of the whole system [3, 4]. 
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Fig 1. Link coordinate systems for the SCARA robot 
 
Fig 2. Force Control based on Disturbance Observer 
Some industrial motion control system has non-smooth nonlinear characteristic, such as friction, dead-
zone and backlash. The most familiar problem is friction force which is discontinues with respect to velocity of 
the two body surface in contact. Friction force which occur in the system has degrading effect in the stability and 
performance of force control system. Moreover, heat which occur by friction force in the system causes the 
damage to the robot manipulator [5]. 
In this paper, we propose a new friction compensation method in order to solve the problem of friction 
in robot manipulator. Disturbance Observe (DOB) is applied to the SCARA robot system for estimate the friction 
force. After compensation friction force back to the system, the friction force is reduced while the performance 
and robustness of the system are improve. This paper is consists of 4 sections. The section 2 shows the structure 
of SCARA robot, Disturbance Observer (DOB) and friction force and friction compensation method. are 
described. The experimental results are represented in section Finally , the last section summarized the paper. 
2. SCARA Robot and Disturbance Observer and Friction Force 
2.1 SCARA Robot 
In this paper, the force estimation techniques is used on SCARA robot experiment. SCARA robot is use in 
assembly and relocated a large device. The structure of SCARA robot which shown in Fig. 1 are consists of 4 
axes. The movement of joint 1, 2 and 3 move in X-Y plane while joint 4 moves in Z axis. Joint 1 which hold 
with based of robot is called shoulder because its operation like a human shoulder. This joint can move from 
115 degree left to 115 degree right. Second, joint 2 is called an elbow because its operation like a human elbow. 
The movement of this joint is 140 degree which same as joint 1. Third, joint 3 which move in Z axis can move 
up and down with 120 centimeters. Finally, joint 4 is called wrist because its operation like a human wrist. The 
movement of this joint is 360 degree. 
 
2.2 Disturbance Observer. 
Recently, robot has used in many industrial applications with human operator. During the operation, robot 
control system must be safe for saving the human operator. Therefore, the force sensor has used to measure the 
external force. Since the force sensor has a limitation which degrade performance of the control system such 
as low bandwidth and high noise level, DOB is applied to the control system. Disturbance Observer (DOB) is 
a method for estimate the external force instead of force sensor. Current of motor and angular velocity of motor 
are used to be inputs for DOB. Output signals from DOB has a less noise level because of the low pass filter. 
Moreover, the bandwidth of the force estimation is increasing. Afterward, the force estimation from DOB is 
compensated to the system for improve the performance and robustness of the whole system. The structure of 
DOB is shown in Fig. 2. 
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Fig 3. Force Control based on Disturbance Observer and 
Reaction Force observer 
 
 
Fig 4.  Force Control based on Disturbance Observer and 
Reaction Force observer with friction force compensation 
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Where disF  is external force, dˆisF  is estimated force from DOB, nM  is a mass of motor, tnK  is torque coefficient 
of motor, MI is current of motor, disg  is cut-off frequency of the low-pass filter and resX  is the angular position 
of the motor. In this paper, the reaction torque observer which show in Fig.3 is used with disturbance observer 
for estimate the external force. Where reacg  and rˆeacF are the cut-off frequency of the low pass filter and 
estimated force of reaction torque observer respectively. 
 
2.3 Friction Force 
Friction is a natural phenomenon that occur in many engineering system. It is appear on the contact of two 
objects when two object is moved in the opposite direction. Friction force can vary with action force and surface 
of the object. There are a lot of friction moment models. Therefore, the friction force which appear in the robot 
system reducing effect in the stability and the performance of force control of robot manipulation. Moreover, 
heat from friction force has damage the robot structure. Industrial motion control system has no smooth nonlinear 
characteristic, such as friction, dead zone and backlash. In this paper, Disturbance Observer techniques is used 
to observer the external force and Reaction Force Observer is estimated the friction force and compensate to the 
system for reducing the friction force and improve the performance of the system. The friction force 
compensation diagram is shown in Fig 4. 
3. Simulation and Result 
This simulation the SCARA robot is used for control the force in z axis. Figure 5 (a), (b) and (c) is shown the 
external force which act on the SCARA robot. Figure 5 (a) is external force which estimated by DOB. Then we 
put the modelling of friction force into the system as shown in Figure 5 (b). In figure 5 (c) 
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(a) Force error is estimated by Disturbance Observer    (a) Input signal compared with output signal in the 
system 
 
(b) Force error is estimated by Disturbance Observer  
with model friction force 
(b)  Input signal compared with output signal with 
friction force modelling. 
 
(c) Force error is estimated by Disturbance with friction 
force compensation in the system 
Fig 5. Force error of Force control system 
 
(c) Input signal compared with output signal with 
friction force compensation. 
Fig 6. Input and output signal of Force control system 
The modelling of friction compensation is used for compensate the friction force. To compare figure 5 
(a) and (c), force which has compensated the friction is same the external force which estimated from DOB.   
Figure 6 (a) shows the input signal compared with output signal, 6 (b) shows the input signal compared with 
output signal with friction force modelling and 6 (c) shows the input signal compared with output signal with 
friction force compensation. According to the results, the friction force compensation can compensate the friction 
force and gives the system has more stability and robustness including improve the performance. 
4. Conclusion 
This paper presents the friction compensation method for compensate the friction force which appear in the 
robot system. From the simulation results, the system which has a friction force compensation can shows 
increasing of performance and robustness. For the future work, the proposed method can apply in many industrial 
robot for eliminate the friction force which appear in the system.  
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